Abstract. Terrain in natural areas is never homogeneous: there may be a variety of vegetation types and patches of vegetated and unvegetated areas which can modify the mesoscale atmospheric flow. Moreover, horizontal thermal inhomogeneities in the planetary boundary layer are a well known source of mesoscale circulation systems such as land and sea breezes, mountain-valley winds, and urban heat island circulations. Since those phenomena are not resolved in regional scale numerical models, therefore an analytic procedure able to evaluate the relative importance of mesoscale and turbulent heat fluxes associated with surface thermal heterogeneities is of crucial importance in the optic of developing a parameterization of mesoscale effects generated by these heterogeneities for use in larger scale models. In the present paper we analyze how small a horizontal variation in surface heating can be and still produce a significant mesoscale circulation, how the heat and momentum fluxes associated to mesoscale flows can penetrate deeply into the mid-troposphere, and how they modify tropospheric relevant climate parameters, such as the atmospheric static stability. In addition, we evaluate the terms of the pressure gradient force, nonlinear and linear, non-hydrostatic and hydrostatic, as function of time and space scales of the mesoscale flow. The present paper is mainly a review of analytical results, the numerical comparison and verification using RAMS is in progress.
Introduction
Terrain in the real world is almost never uniform, for instance, in natural areas there may be a variety of vegetation types and patches of vegetated or unvegetated areas which can modify the mesoscale atmospheric flow. Horizontal thermal inhomogeneities in the planetary boundary layer are a well known source of mesoscale circulation systems. Thermally-forced mesoscale systems such as land and sea breezes, mountain-valley winds, and urban heat island circulations have been the subject of many studies: [1] [2] [3] [4] [5] [6] [7] [8] [9] . Some thermally-generated mesoscale circulations are due to horizontal inhomogeneities in ground wetness, vegetation cover, snow cover, cloud cover as studied by many authors, e.g. [8, [10] [11] [12] [13] . In addition there are also anthropogenic modifications of soil and vegetation, such as irrigated or non-irrigated fields, crops at different stages of growth, inhabited areas, and so on [14] [15] [16] [17] . Such thermal inhomogeneities may extend from few square meters to hundreds or even thousands of square kilometers.
A number of studies, observational, numerical and analytical, have been made of these physiographically forced circulations as in [10; 12, 18-21] .
There is convincing observational and modeling evidence, that mesoscale fluxes that result from landscape heterogeneity can often be as large as and larger than turbulent fluxes, as well as have a different vertical distribution than the turbulent fluxes averaged over the scale of a GCM or NWP grid increment. Examples of studies that document the modification of atmospheric boundary layer structure, and/or the development of mesoscale flow due to land surface inhomogeneity are reported in [1-3, 9, 22-30] . A number of these papers are summarized in Cotton and Pielke [3] . These mesoscale fluxes have substantial coherent structure such that they are predictable features as discussed in [31] [32] [33] . Zeng and Pielke [32] concluded that the important controls on mesoscale fluxes include planetary boundary layer depth, horizontal size of the surface heat patches, the potential temperature difference between different patches, the surface sensible moisture and momentum fluxes, and height above the surface.
During the last decade or so, procedures to represent landscape heterogeneity within a larger-scale area, such as a general circulation model (GCM) or Numerical Weather Prediction (NWP) grid cell, have focused on a summation of surface fluxes within that area, proportionally weighted by the fluxes from each land surface type. Examples of this approach are reported in [1, [34] [35] [36] [37] [38] [39] [40] [41] .
Glendening and Lin [42] and Lin and Glendening [43] show that perturbations induced by small scale landscape variability (few kilometer wavelength) have an impact on the atmospheric surface layer. Gopalakrishna et al. [44] , Gopalakrishna and Avissar [45] , and Roy and Avissar [46] focus on landscape features up to tens of kilometers, which have an impact on the atmospheric CBL, but can also penetrate into the free atmosphere just above it. We show that the landscape variability between tens of kilometer and one Rossby radius generate perturbations which can penetrate deeply into the free troposphere and can modify the basic parameters of the large scale flow.
Subgrid-scale parameterization is of considerable importance in regional and larger scale models because these models seldom have more than a few grid points within a Rossby radius, yet the mesoscale flow driven by thermal horizontal inhomogeneities in the Convective Boundary Layer (CBL) may be significant. Therefore mesoscale effects need to be introduced in parametric form into those large scale models, and in particular it is important to determine how small a horizontal variation in surface heating can be and still produce a significant mesoscale circulation. Wang [47] gives an evaluation of the mesoscale flow for a stochastic
